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Abstract: Many species of wildlife depend on riparian habitats for various life-history functions (e.g., breeding,
foraging, overwintering). Although this unique habitat is critical for many species, delineations of riparian
zones and buffers for various taxa are lacking. Typically when buffer zones are determined to mitigate edge
effects, they are based on criteria that protect aquatic resources alone and do not consider impacts to wildlife
and other terrestrial resources. Using two different survey methods (area-constrained daytime searches and
nighttime visual encounter searches), we estimated core terrestrial habitat and buffer widths for stream-
breeding salamanders in southern Appalachian streams from May to August 2004. A core terrestrial habitat
of 27.0 m encompassed 95% of the salamander assemblage ( four species of stream plethodontids), and an
additional 50 m (to buffer edge effects) yielded a total buffer of 77.0 m. When each species of the assemblage
was analyzed separately, the maximum core terrestrial habitat needed for the Blue Ridge two-lined salamander
(Eurycea wilderae), a dominant member and the farthest-ranging species from the stream, was 42.6 m. Thus, we
recommend an overall buffer width of 92.6 m in southern Appalachian streams. To protect stream amphibians
and other wildlife dependent on riparian areas, land managers and policy makers must consider conserving
more than aquatic resources alone. Developing core terrestrial habitat estimates and buffer zone widths for
wildlife populations is a critical first step in the conservation of many semiaquatic organisms and protecting
biodiversity.
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Estimación del Hábitat Terrestre Núcleo para Salamandras que se Reproducen en Arroyos y Definición de Áreas de

Amortiguamiento Ribereñas para la Protección de Biodiversidad

Resumen: Muchas especies de vida silvestre dependen de hábitats ribereños para varias funciones de su his-
toria de vida (e.g., reproducción, forrajeo, hibernación). Aunque este hábitat exclusivo es cŕıtico para muchas
especies, la definición de zonas y amortiguamientos ribereños para varios taxa no existe. Tı́picamente, la
determinación de zonas de amortiguamiento para mitigar efectos de borde se basa en criterios que solo prote-
gen recursos acuáticos y no considera los impactos a la vida silvestre y otros recursos terrestres. Mediante dos
métodos diferentes de muestreo (búsquedas diurnas en áreas constreñidas y búsquedas nocturnas de encuen-
tros visuales), estimamos el hábitat terrestre núcleo y amplitudes de amortiguamiento para salamandras que
se reproducen en arroyos en el sur de los Apalaches entre mayo y agosto de 2004. Un hábitat terrestre núcleo
de 27.0 m englobó 95% del ensamble de salamandras (cuatro especies de pletodóntidos de arroyo), y 50 m
adicionales (para amortiguar efectos de borde) produjo un amortiguamiento total de 77.0 m. Cuando cada
especie del ensamble fue analizada por separado, el máximo hábitat terrestre núcleo requerido para Eurycea

wilderae, un miembro dominante y la especie que más se aleja del arroyo, fue de 42.6 m. Por lo tanto, re-
comendamos un amortiguamiento total de 92.5 en arroyos de los Apalaches. Para proteger anfibios de arroyo
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y otras especies dependientes de áreas ribereñas, los gestores y tomadores de decisiones deben considerar la
conservación de no solo los recursos acuáticos. El desarrollo de estimaciones de hábitat terrestre núcleo y
amplitudes de zonas de amortiguamiento para poblaciones de vida silvestre es un primer paso cŕıtico para la
conservación de muchos organismos semi acuáticos y para la protección de la biodiversidad.

Palabras Clave: amortiguamientos, conservación de anfibios, Desmognathus, Eurycea, hábitat núcleo, sala-

mandra de arroyo

Introduction

Concern over amphibian declines has increased dramat-
ically over the past decade (e.g., Blaustein et al. 1994;
Pechmann & Wilbur 1994; Houlahan et al. 2000). Stu-
art et al. (2004) indicated that amphibians are far more
threatened than either birds or mammals. Although many
factors have been implicated in this decline (e.g., disease,
introduction of exotic species, chemical pollution, global
climate change), habitat loss and degradation are gener-
ally accepted as the major factor responsible for most
declines (e.g., Lips 1998; Wake 1998; Carey et al. 1999;
Semlitsch 2000). Furthermore, many amphibians require
both aquatic and terrestrial habitats to complete their life
cycle and therefore are especially susceptible to the loss
and degradation of either habitat (Semlitsch 2000).

To combat habitat loss and degradation in stream
ecosystems (in addition to providing wildlife corridors
and protecting essential habitat required for completing
the life cycles of riparian species), riparian buffer strips
adjacent to streams have been used in managed forests
for more than 2 decades (Vesely & McComb 2002). Buffer
strips protect water quality from activities such as agricul-
ture and silviculture, which cause siltation and increased
water temperatures (Lowrance et al. 1984; Jones et al.
1999; Vesely & McComb 2002). Nevertheless, riparian
buffer strips not only are critical to the protection of
aquatic resources, they can play a role in the conservation
of biodiversity. A number of studies have documented the
importance of terrestrial habitat adjacent to streams and
wetlands for semiaquatic species, including amphibians
(e.g., deMaynadier & Hunter 1995; Semlitsch 1998; Vesely
& McComb 2002).

Salamander communities make up an important eco-
logical component of many forested ecosystems and often
exceed the combined biomass of other terrestrial verte-
brates (Burton & Likens 1975; Hairston 1987; Petranka &
Murray 2001). Some of these salamanders (e.g., Desmog-
nathus, Eurycea, Gyrinophilus, Pseudotriton) are asso-
ciated with streams and creeks. The four focal species
of this study differ markedly in larval periods (Desmog-
nathus monticola, 10 months; D. ocoee, 9 months; D.
quadramaculatus, up to 4 years; Eurycea wilderae, up
to 2 years), but all depend on aquatic habitats for repro-
duction and larval development (Petranka 1998). How-
ever, terrestrial habitats are used for foraging and poten-

tially for overwintering (e.g., Barbour et al. 1969; Ash-
ton & Ashton 1978). The three species of Desmognathus
in this study spatially segregate themselves in the terres-
trial habitat, most likely because of competition and pre-
dation (Hairston 1949; Organ 1961). The largest of the
three species, the black-bellied salamander (D. quadra-
maculatus), occurs closest to the stream. The next largest
species, the seal salamander (D. monticola), is slightly
more terrestrial, and the Ocoee salamander (D. ocoee) is
the most terrestrial of the three Desmognathus species
and occurs the farthest from the stream edge. The Blue
Ridge two-lined salamander (E. wilderae) occurs the far-
thest from the stream edge in the salamander assemblage
( J.A.Crawford, personal observation).

Although terrestrial buffer distances have been estab-
lished for the protection of aquatic resources, little infor-
mation exists for the explicit protection of semiaquatic
species that require terrestrial habitat adjacent to streams.
In the Pacific Northwest (U.S.A.), a few studies have ad-
dressed this need (Corn & Bury 1989; McComb et al.
1993; Gomez & Anthony 1996; Vesely & McComb 2002).
Of these studies, Vesely and McComb (2002) report that
buffer strips of 20 m contain approximately 80% of de-
tectable torrent salamanders (Rhyacotriton spp.), Pa-
cific giant salamanders (Dicamptodon tenebrosus), and
Dunn’s salamanders (Plethodon dunni) along the first-
through third-order streams they surveyed. Nevertheless,
the data are still relatively limited for stream salamanders
in other areas of the United States.

Typically when buffer zones are defined, they are
based on criteria that protect the aquatic resources alone
and do not consider impacts to semiaquatic species and
other terrestrial resources (Semlitsch & Bodie 1998; Sem-
litsch & Jensen 2001). For example, in Oregon (U.S.A.),
the minimum buffer strip required to protect water re-
sources is 6.1 m, although a minimum buffer of 20 m
is needed to protect certain salamander species (Vesely
& McComb 2002). We defined core terrestrial habitat
as the spatial delineation of 95% of the population that
encompasses terrestrial foraging, breeding, and overwin-
tering habitats rather than buffers, following Semlitsch
and Jensen (2001). Although not all available habitat con-
tained within these core areas is suitable at any one time,
critical habitat patches (e.g., logs, piles of leaf litter, rocks)
are contained within them. Determining core terrestrial
habitats for stream-breeding salamanders is the critical
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first step in formulating conservation plans and address-
ing larger-scale issues such as connectivity among popu-
lations.

We sought to develop biologically based management
criteria to protect stream salamanders. Specifically, we
defined the core terrestrial habitat used by an assemblage
of four species of stream salamanders to provide recom-
mendations on appropriate stream buffer widths. We also
devised a direct test of whether day versus night sampling
yields the best estimate of core terrestrial habitat for these
salamanders.

Methods

To define core terrestrial habitat use by an assemblage of
stream salamanders, we sampled riparian forests adjacent
to 14 headwater streams (streams were the unit of replica-
tion) in the southern Appalachian Mountains, Nantahala
National Forest, Macon County, North Carolina (U.S.A.).
All sites were located between 718 and 1248 m eleva-
tions, had not been subject to logging for at least 80 years,
and were located at least 1 km apart (Table 1). To ensure
maximum capture success and detection of rare species
(Hyde & Simons 2001), we used two different sampling

Table 1. Habitat characteristics of stream sites used in the Nantahala
National Forest, North Carolina (U.S.A.).

Locality Stream Canopy Slope Forest
(UTM) order (%) ( ◦◦) type

17S 0301518 headwater 91.2 15.5 pine
3881167

17S 0304637 headwater 87.6 15.5 mixed deciduous
3879204

17S 0304364 headwater 90.3 13.5 mixed deciduous
3879082

17S 0302750 headwater 88.5 17.5 pine
3876075

17S 0301733 headwater 90.2 21.7 mixed deciduous
3876558

17S 0298076 headwater 90.2 12.1 mixed deciduous
3878383

17S 0297721 headwater 91.6 24.2 mixed deciduous
3878097

17S 0296901 headwater 90.4 17.5 mixed deciduous
3878721

17S 0295741 headwater 88.0 30.0 mixed deciduous
3876678

17S 0295829 headwater 89.2 13.5 pine
3876035

17S 0297122 headwater 93.2 19.3 mixed deciduous
3885702

17S 0296072 headwater 88.4 14.6 pine
3886657

17S 0297839 headwater 90.3 19.3 mixed deciduous
3885471

17S 0301596 headwater 91.8 14.5 mixed deciduous
3879760

methods. Sites were sampled six times each (three day
transects, three night transects) from May to August of
2004.

During day transects, we monitored one paired tran-
sect that was separated by 1 m (to increase sample sizes
of salamanders; data for each plot were combined) and
extended perpendicular from the stream bank into the ad-
jacent forest. Monitoring stations were established at 1, 3,
7, 10, 15, 25, 50, and 100 m from the stream bank, based
on the home range sizes and potential distances traveled
by the target species of stream-breeding salamanders. At
each stream we checked daytime transects by conduct-
ing area-constrained searches (2.25 m2) of leaf litter and
coarse woody debris at each monitoring station for an av-
erage of 10 minutes. We used a visual encounter search
(VES) during the three night transects to capture surface-
active salamanders. Two researchers walked a straight
line that was perpendicular from the stream edge (de-
fined as the edge of the streambed) out to 100 m and
recorded distance from the stream edge for each sala-
mander encountered. While walking the perpendicular
transect, each researcher searched 2.5 m to the right and
left of the transect line. We identified all salamanders (day
and night transects) to species, weighed and measured for
snout-vent length and total length, and determined sex.
We released all salamanders at the site of capture. We
determined age class (adult/juvenile) by comparing mea-
sured snout-vent lengths of each individual to published
size classes for each species (Petranka 1998).

Average distance salamanders were found from the
stream was calculated across the 14 streams and was
tested for normality with Wilk’s Lambda (data in Table 2).

Table 2. Summary of occurrence distancesa (m) from stream edge for
an assemblage of stream salamanders in the southern Appalachian
Mountains.

Species All age
(transect type)b Adults Juveniles classes

Stream day 10.0, 13.4 6.3, 8.7 8.4, 10.7
n = 107 n = 95 n = 202

Stream night 26.0, 29.6 21.5, 25.5 24.4, 27.0
n = 280 n = 211 n = 491

Desmognathus day 5.2, 7.5 3.8, 5.8 5.1, 7.4
n = 74 n = 79 n = 153

Desmognathus night 7.5, 9.2 6.6, 8.0 7.3, 8.5
n = 130 n = 104 n = 234

Eurycea day 17.9, 24.1 18.5, 24.5 18.4, 23.4
n = 33 n = 16 n = 49

Eurycea night 41.0, 44.1 36.4, 43.2 39.3, 42.6
n = 150 n = 107 n = 257

aDistance encompassing 50% and 95% of the population,
respectively.
bStream denotes salamanders in the assemblage (Desmognathus

monticola, D. quadramaculatus, D. ocoee, and Eurycea wilderae).
Desmognathus denotes 3 species in the genus (D. monticola, D.

quadramaculatus, and D. ocoee). Eurycea denotes 1 species in the
genus (Eurycea wilderae).
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To find the distance from the stream edge that would en-
compass the majority of each species of salamander and
the assemblage, an upper confidence interval was calcu-
lated.

Results

Four species of stream salamanders, the seal salamander,
the Ocoee salamander, the black-bellied salamander, and
the Blue Ridge two-lined salamander were encountered
during 2004. Individuals were found an average of 8.4 m
from the edge of their aquatic habitats during day tran-
sects and 24.4 m during night transects (Table 2). If we
assumed the distances of salamanders from the edge of
streams were normally distributed, then by definition the
mean of salamanders of all species (8.4 m day, 24.4 m
night) represents a distance that includes only 50% of the
assemblage. Although the night transects had a normal
distribution (W = 0.939, p = 0.441), the day transects
had a non-normal distribution (W = 0.820, p = 0.01); this
was due to the sampling of monitoring stations that were
not equally distributed (1, 3, 7, 10, 15, 25, 50, and 100
m from the stream edge) and the fact that not all habitat
could be sampled from stream edge out to 100 m. A dis-
tance of 27.0 m from the stream’s edge encompassed 95%
of the total salamander assemblage (adults and juveniles of
all species) according to capture data from the night tran-
sects. The average distance adults were found from the
stream was only slightly larger than the distance for juve-
niles (adults, 29.6 m; juveniles, 25.5 m) and marginally sig-
nificant (p = 0.086, df = 26). The farthest-ranging species
from streams in our assemblage (E. wilderae) yielded a
95% confidence interval of 42.6 m (Table 3).

To determine whether day or night sampling yielded
the best estimate of salamander distribution from the
stream, we made a direct comparison. Captures from the
night transects were adjusted and a mean distance from
the stream was calculated for direct testing with day tran-
sects. Only animals captured within 2.25-m2 plots at each
of the day sampling distances were used for the night-
adjusted values. To equalize search intensity, time spent
searching these plots was approximately equal to daytime
sampling (10 minutes). Distribution estimates were sig-
nificantly different between day and night transects ( p =
0.033, df = 26). Day transects yielded a mean distance
from the stream of 8.4 m (10.7 m encompassed 95% of
the assemblage), whereas night transects had a mean dis-
tance from the stream of 12.6 m (15.8 m encompassed
95% of the assemblage).

The number of dusky (Desmognathus) salamanders
decreased sharply with distance from the stream edge
(Fig. 1). The number of brook (Eurycea) salamanders re-
mained somewhat constant from the stream edge into the
forest for 70–75 m (Fig. 1). The majority of dusky sala-

Table 3. Summary of occurrence distances (m) from stream edge for
individual species of stream salamanders in the southern Appalachian
Mountains.∗

Species All age
(transect type) Adults Juveniles classes

D. monticola day 4.6, 6.7 3.1, 5.6 3.8, 5.4
n = 22 n = 20 n = 42

D. monticola night 6.8, 8.6 5.1, 7.7 6.6, 8.8
n = 64 n = 30 n = 94

D. ocoee day 5.6, 8.6 4.4, 7.2 5.5, 8.3
n = 48 n = 59 n = 107

D. ocoee night 10.4, 13.8 7.3, 9.5 8.2, 9.7
n = 43 n = 74 n = 117

D. quadramaculatus day 2.0, 4.5 NA 2.0, 4.5
n = 4 n = 0 n = 4

D. quadramaculatus night 3.2, 4.7 NA 3.2, 4.7
n = 23 n = 0 n = 23

E. wilderae day 17.9, 24.1 18.5, 24.5 18.4, 23.4
n = 33 n = 16 n = 49

E. wilderae night 41.0, 44.1 36.4, 43.2 39.3, 42.6
n = 150 n = 107 n = 257

∗Distance encompassing 50% and 95% of the population, respectively;
NA, not available.

manders were found within 15 m of the stream’s edge,
whereas brook salamanders were found at very low num-
bers near the stream edge and did not increase in number
until 15–20 m from the stream’s edge (Fig. 1). Overall,
the distribution of all salamanders from the edge of the
streams showed a relatively smooth decline as distance
from the stream increased.

Discussion

Salamanders generally comprise the greatest biomass of
any vertebrates in forested ecosystems (Burtons & Likens

Figure 1. Distribution of dusky ( Desmognathus) and
brook ( Eurycea) salamanders from edges of
headwater streams in the Nantahala National Forest,
North Carolina (U.S.A.), based on nighttime visual
encounter searches.
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1975; Petranka & Murray 2001) and thus are of vital impor-
tance to the ecosystem as a whole because they consume
invertebrates and serve as prey for other vertebrates.
Many stream-dwelling salamanders are highly philopatric
and long-lived, and typically exist in relatively stable pop-
ulations (Welsh Jr. & Ollivier 1998). These traits make
them reliable indicators of potential biotic diversity in
stream and riparian ecosystems, and their relative abun-
dance can be a critical indicator of stream and riparian
ecosystem health (Welsh Jr. & Ollivier 1998). Determining
and maintaining the terrestrial habitat that salamanders
require is critical to maintaining existing populations and
potentially ecosystem function. With accurate estimates
of core terrestrial habitat, policy makers and land man-
agers will be better equipped to make management de-
cisions pertaining to stream salamanders and potentially
other species that rely on riparian habitats (e.g., reptiles,
birds, mammals).

During the past 10–15 years, increased attention has fo-
cused on defining and delineating riparian areas. In Texas,
Rudolph and Dickson (1990) captured more amphibians
in wide buffers (50–95 m) versus narrow buffers (0–25
m) along intermittent streams that passed through even-
aged pine plantations. They recommend 30-m buffers for
amphibians. deMaynadier and Hunter (1995) recommend
buffers of 10–25 m along streams surrounded by a wider
management zone where partial harvesting of trees could
occur. Vesely and McComb (2002) found that 47 m buffers
along first-, second-, and third-order streams were neces-
sary to support amphibian assemblages similar to those in
unlogged forests in Oregon. Although many of these stud-
ies provide buffer recommendations, they actually pro-
vide core terrestrial habitat estimates and do not include
a true buffer from the edge effects caused by surrounding
land use.

We used two sampling methods (day transects vs. night
transects) to determine the most appropriate way to yield
core terrestrial habitat estimates for stream-breeding sala-
manders. We defined core terrestrial habitat as the spa-
tial delineation of 95% of the population that encom-
passes terrestrial foraging, breeding, and overwintering
habitats, which was determined by the 95% confidence
interval. The day transects yielded a core terrestrial habi-
tat estimate of 10.7 m, whereas the adjusted night tran-
sects yielded a significantly different core terrestrial habi-
tat estimate of 15.8 m. This comparison and distinction
is important because most plethodontid monitoring tech-
niques employ only daytime searches. In our study the
daytime searches lead to inadequate estimation of the
amount of habitat salamanders require. The overall night
transects yielded a core habitat estimate of 27.0 m,
which was more than double the estimate based on day
transects.

Because of the importance of core terrestrial habitat to
population persistence, a buffer is necessary to reduce po-
tential edge effects that can penetrate great distances into

forested habitats (Murcia 1995; deMaynadier & Hunter
1995). Therefore, to fully protect the salamander assem-
blage, we recommend applying a stream buffer of 50 m.
Although edge effects can extend farther than 50 m (e.g.,
Murcia 1995; Haskell 2000), the amount of edge needed
to protect core terrestrial habitat for salamanders is poorly
resolved for southern Appalachian forests, so we view 50
m as conservative. This recommendation is supported by
Marsh and Beckman (2004), who found edge effects for
red-backed salamanders (Plethodon cinereus) that range
from 20 m to 80 m (80 m in a dry year). Similarly, 20-m
edge effects were found for red-backed salamanders in
New Hampshire (deGraaf & Yamasaki 2002). Thus, 50 m
should adequately protect the core terrestrial habitat of
this salamander assemblage, especially under all but dry
conditions or on more exposed south-facing slopes.

The two different genera we encountered had drasti-
cally different core terrestrial habitat requirements. Al-
though the difference in core terrestrial habitat usage
between adults and juveniles within each genus was
minimal, the difference between dusky salamanders and
brook salamanders was large (8.5 m for dusky vs. 42.6 m
for brook). Current U.S. Forest Service (USFS) guidelines
for southern Appalachian streams require an ∼9-m (30
feet) buffer for headwater through second-order streams
and an ∼30-m (100 feet) buffer for streams third-order
and above. The USFS buffer regulations would not be ad-
equate to protect brook salamanders in smaller streams
and would provide dusky salamanders with little protec-
tion from edge effects.

Both of these genera are in the family Plethodontidae,
which is a lungless family of salamanders (Petranka 1998).
This means these salamanders are even more dependent
on moist habitats for respiration than other families of
amphibians. In instances where there is only a 9-m buffer
along the stream, brook salamanders would be forced
into an “ecological decision” between two adverse en-
vironments. The majority of dusky salamanders resided
within 15 m of the stream’s edge, whereas brook sala-
manders occurred primarily 15–20 m from the edge (Fig.
1). This is most likely due to predation and competition
pressures exerted by the larger dusky salamanders on the
brook salamanders. Both black-bellied salamanders and
seal salamanders prey on juvenile and adult two-lined sala-
manders (Beachy 1993; Crawford, personal observation).
Thus, the brook salamanders might choose to remain in
less-suitable habitat (e.g., drier, no leaf litter), risking des-
iccation and potential death, or they might choose to
move closer to the stream and face higher risks of pre-
dation and greater rates of competition from dusky sala-
manders. Both these scenarios would likely lead to in-
creased mortality and a decline in population numbers
(e.g., Hairston 1987; Jaeger et al. 1998). It also assumes
that all 9 m of the buffer will be equally suitable habitat,
which is unrealistic because edge effects would extend
completely through this small area.

Conservation Biology

Volume 21, No. 1, February 2007



Crawford & Semlitsch Salamander Core Habitat 157

We argue that our core terrestrial habitat estimate of
27.0 m for a stream salamander assemblage is conserva-
tive. Although this value is similar to the core habitat
estimates of Petranka and Smith (2005), their estimates
for some species were limited. They are limited because
their terrestrial survey plots extended only 36–38 m from
the stream, so animals occurring farther from the stream
were not sampled. Our core terrestrial habitat value was
calculated with all four stream species found in the assem-
blage; however, the estimate failed to fully protect one of
the dominant species (E. wilderae). If the overall goal of
core terrestrial habitats and buffer zones is to protect both
diversity and abundance of an assemblage, we suggest cal-
culating individual estimates for each species and using
the greatest core terrestrial habitat estimate. This ensures
protection of each species within the assemblage. On the
basis of our results for E. wilderae alone, we recommend
a core terrestrial habitat of 42.6 m and an overall buffer
width of 92.6 m in southern Appalachian streams.

Although research on riparian habitats is increasing,
a great deal of information is still lacking for many taxa
requiring these habitats. We found that there are approx-
imately 173 terrestrial vertebrates in the eastern United
States alone that require riparian habitats for some life-
history function (26 mammals, 27 birds, 50 reptiles, and
70 Amphibians; unpublished data). More information on
core terrestrial habitats and buffer zone widths is needed
to strike a balance between conservation and sustainable
land use. Nevertheless, we have provided a reliable esti-
mate of core terrestrial habitat required by southern Ap-
palachian stream salamanders and an appropriate survey
methodology that can be used in other regions to estimate
core habitats. We hope that this research will provide land
managers and policy makers with more information on
which to delineate riparian buffer zones and will stimu-
late future work in these critical habitats.
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